The high precision to which the standard model has been confirmed implies that new physics effects have to be small in the observed processes. Together with the outstanding precision expected from present and future collider experiments this renders the evaluation of subleading SM contributions necessary. For the "golden mode", B d → J/ψK, these so-called "penguin pollution" terms can be controlled by using flavour symmetry relations. A recent analysis is presented which yields a stronger bound on the maximal penguin influence than previous ones and shows how the corresponding uncertainty can be reduced with coming data.
Introduction
Roughly 40 years after its proposal [1] , the Kobayashi-Maskawa mechanism continues to give a consistent interpretation of the available data on flavour observables and CP violation. This fact is reflected in successful fits to the Unitarity Triangle (UT) [2] , where, despite the precision data which have become available during the last decade, still no clear sign of physics beyond the Standard Model (SM) is seen. On the contrary, some of the tensions that used to be present, e.g. in the extraction of the CKM angle β (φ 1 ) [3] or B s mixing (see e.g. [4] ), have recently been rendered less severe by new data [5] . 2 Other puzzles related to the UT analysis remain, like the difference between |V ub | extracted from inclusive and exclusive semileptonic decays or the largish CP violation in the kaon system, but are less significant. The important lesson from these observations is that new physics (NP) effects in the related observables have to be small. This observation, together with the present and coming experimental improvements at high-luminosity machines, renders precision predictions for the involved observables particularly important; among these, a refined analysis for the extraction of the angle β from the "golden mode" B → J/ψK S becomes necessary, which constitutes a key measurement in this context. In the following we report the recent proposal for such a refinement [7] , allowing for continued improvement with coming data.
Penguin Pollution in B → J/ψK
The impressive precision obtained for the angle β became possible due to the fact that in the "golden mode", B d → J/ψK S , explicit calculation of the relevant matrix elements can be avoided once subleading doubly Cabbibo suppressed terms are assumed to vanish [8] , in combination with an experimentally accessible final state. However, given the apparent smallness of NP effects and the precision the LHC experiments and the planned next-generation B factory are aiming at for this and related modes, a critical reconsideration of the assumptions used is mandatory. Estimates yield corrections to the famous relation S J/ψK S = sin φ d of the order O(10 −3 ), only [9] ; it is, however, notoriously difficult to actually calculate the relevant matrix elements, and non-perturbative enhancements cannot a priori be excluded.
To include these subleading contributions, the size of their matrix elements relative to the leading one has to be determined. An explicit calculation still does not seem feasible to an acceptable precision for the decays in question, as our available tools do not work for these modes; QCD factorization for example does hold formally, but corrections to the heavy quark limit are large, O(Λ QCD /(α s m c )), which is why it fails to yield a quantitative description, see e.g. [10] . This is why typically flavour symmetry relations are used, i.e. SU (3), relating up, down and strange quarks, or its subgroup U -spin, including only down and strange quarks. These allow for accessing the unknown matrix element ratios via decays where their relative influence is larger ("control modes") [11] . This method has the advantage of being completely datadriven, and the resulting value for the B mixing phase provides improved access to NP in mixing once the SM value of this phase is determined independently.
The main limitations of that approach were firstly the limited data for the control modes, as their rates are suppressed by λ 2 ∼ 5% compared to the one of B → J/ψK, and secondly unknown corrections to the symmetry limit. The first issue was already rendered less severe by recent data from CDF and LHCb [12] , and will be resolved by the LHC in combination with the planned Super Flavour Factory (SFF). The second was addressed in [7] , as we will explain in the following. The main idea is to include the symmetry-breaking corrections in a model-independent manner on a group-theoretical basis (for earlier applications of this method, see e.g. [13] ). Extending furthermore the symmetry group from U -spin (used in [11] ) to full SU (3) allows to relate a sufficiently large number of decay modes (the full set of B → J/ψP modes, with B ∈ {B u , B d , B s } and P ∈ {π
to determine the SU (3) breaking parameters as well as the penguin pollution ones from the fit, using mild assumptions which are mostly testable with data [7] . Applying this method to presently available data for these decays [12, 14] shows clearly the importance of SU (3)-breaking effects. Even when allowing for huge values of the penguin parameters, the fit in the SU (3) limit yields χ 2 min /d.o.f. = 22.3(23.9)/5, where the first number corresponds to using the former world average for the ratio
, and the second to the new LHCb result ("dataset 2"). The latter yields a value about 3 standard deviations away from the former, which is why the results are compared explicitly instead of averaging the input measurements. Importantly, correlations to the measured branching ratios drive the shift ∆S = −S(B → J/ψK S ) + sin φ d to relatively large values in this case, in the opposite direction of the tension observed in the UT fit. It is furthermore interesting to note that the inclusion of neglected contributions of order Λ QCD /m b does not improve the fit, confirming our choice to set them to zero, see also the discussion in [7] .
In a next step, SU (3)-breaking contributions are included in the fit, while neglecting penguin pollution. This fit works rather well, yielding for the two datasets χ 2 min = 9.4(6.0) for 7 effective degrees of freedom 3 . The best fit point yields a ratio of the larger SU (3)-breaking matrix element with the leading one of 19(24)%, which is perfectly within the expected range for this quantity. Therefore the data at present can be described with the expected amount of SU (3) breaking and negligible penguin contributions. The parameter point corresponding to factorizable SU (3) breaking lies outside the 95% CL area. This is in accordance with [15] , where, using factorizable SU (3) breaking, a preference for sizable penguin contributions is observed.
In the following, we do not assume factorizable SU (3) breaking and perform the full fit with both additional contributions, i.e. SU (3) breaking and penguin pollution. The fit improves again slightly, to χ 2 min = 2.8(2.3) for 3 effective degrees of freedom, when we refrain from applying strong restrictions on the parameter values 4 . In this fit, the SU (3)-breaking parameters allow to accommodate the pattern of branching ratios, while the penguin contributions are mainly determined by the CP and isospin asymmetries. The central values of the penguin parameters still tend to larger values than theoretically expected. This is not surprising, given the fact that the isospin asymmetry in B → J/ψK has a central value about ten times larger than the naive expectation, however with large uncertainties. The corresponding branching ratios are predicted to be around one standard deviation higher (lower) for B 0 → J/ψK 0 (B − → J/ψK − ), making an additional measurement of their ratio important, which correspondingly is predicted to take a significantly different central value than the one presently measured.
Restricting the fit parameters to the expected ranges, i.e. at most an SU (3) breaking of r SU (3) = 40%, and a ratio of the penguin matrix element with the leading one of r pen = 50%, shows a preference for dataset 2, where the minimal χ 2 remains basically unchanged, while for dataset 1 it doubles approximately. The new result for BR(B − → J/ψπ − )/BR(B − → J/ψK − ) obtained by LHCb seems therefore favoured by this fit. While it is too early to draw conclusions, this observation demonstrates once more the importance of precise branching ratio measurements in this context. For both datasets, the shift ∆S now tends again to positive values, thereby lowering the corresponding tension in the UT fit. It is however still compatible with zero, in agreement with the above observation of a reasonable fit without penguin terms. The obtained ranges read 
for 68% (95%) CL, respectively, where the preferred sign change compared to the SU (3) limit is due to relaxed correlations between S(B → J/ψπ 0 ) and the branching ratios in the fit, because of the additional contributions. This underlines the necessity to treat SU (3) breaking model-independently. Note that S(B d → J/ψπ 0 ) is predicted to lie below the present central value of the measurement, thereby supporting the Belle result [16] over the BaBar one [17] , which indicates a very large value for this observable. These findings are illustrated in Fig. 1 . The same fit allows to predict the so far unmeasured CP asymmetries in B s → J/ψK decays: their absolute values lie for both datasets below approximately 30% at 95% CL. On the one hand this allows for a crosscheck for the description in the above framework. On the other hand it is clear that a measurement with a precision of ∼ 10% will already yield a significant additional constraint on the model parameters. Especially the dependence on the (already weak) theory assumptions will be further reduced with such a measurement [7] .
The mixing phase is extracted as φ fit d = 0.74±0.03 (equal for both datasets), which is to be compared with φ SM d,naive = 0.73 ± 0.03 when using the naive relation without penguin contributions. The inclusion of the correction therefore yields the same precision, but induces a shift of the central value. The same is true for future data, as shown in [7] by the consideration of several scenarios corresponding to additional data from the LHCb and SFF experiments. This implies the corresponding error to be reducible, and therefore ensures the golden mode to keep its special position among flavour observables.
The comparison of the full fit with ones using the assumption of factorizable SU (3) breaking is complicated by the fact that this assumption leads to several relations among the parameters used here, implying very different numbers of degrees of , including all available data. The inner areas correspond to 68% CL and 95% CL with r SU (3) = 40% and r pen = 50%. The outer one is shown for illustration purposes, only, and corresponds to 95% CL when allowing for up to r SU (3) = 60% and r pen = 75%. The light yellow area indicates the 2-σ range of the S(B 0 → J/ψπ 0 ) average, the dashed line its central value. Figure taken from [7] . freedom. A more detailed discussion is therefore left for future work. However, generically the resulting predictions for CP asymmetries should be larger when assuming factorizable breaking, allowing this subject to be clarified experimentally.
In principle, the same approach can be used to constrain penguin pollution in the other "golden mode", B s → J/ψφ. Technical difficulties are the fact that the φ meson does not belong to a single representation, and the more complicated structure of the final state. The latter is also complicating the experimental analysis; however, recently progress has been made in measuring additional modes [18] . If the b → d modes can be measured sufficiently precise to control the penguin pollution as well as the SU (3) breaking is subject to further studies.
Conclusions
CP violation studies in heavy meson systems remain a very active field, and one of the main paths to discover NP. The general picture remains consistent with the KM mechanism as the only source of low-energy CP violation; in fact, the fits have improved very recently due to a new measurement for B → τ ν.
This -in many ways unexpected -situation requires a more precise knowledge of the corresponding SM predictions, as potential small NP contributions will compete with subleading SM ones. The "golden mode" B d → J/ψK is an example where subleading contributions can affect the extraction of the mixing phase. For this mode a new approach to control them has been advocated, allowing to take into account SU (3) corrections model-independently, which were shown to affect the procedure severely. The main result is a new limit, |∆S J/ψK | 0.01 (95% CL), which can additionally be improved by coming data.
In conclusion, the apparent smallness of NP effects in flavour observables poses a challenge to both theory and experiment. On the experimental side it is met by several high-luminosity collider experiments, both running and under construction, allowing for unprecedented precision. Also on the theory side the challenge is answered, by new strategies and adapting known ones to higher precision. Together, these developments make for an exciting way ahead.
